The 2H-chromenes (benzo-and naphthopyrans) are an important class of compounds that exhibit photochromic activity in polymeric matrices and solutions at room temperature. Such compounds undergo a pyran-ring opening under irradiation due to the breaking of C( sp 3)-O bond ring that leads to an equilibrium between the closed form (CF) and a set of stereoisomers of the open form (OF) also referred to as photomerocyanines (Scheme 1). These open forms have different stabilities and their absorption spectra are in the visible range. The phenomenom is photochemically (with visible light) and thermally reversible. 1, 2 This process can be repeated many times, but the fatigue occurs as a result of irreversible side reactions which limit the commercial application of these systems. The photochromic parameters can be significantly improved through heteroatomic annellation, although the effects are very dependent on the nature of the annellated moiety and on the relative positions of the heteroannelation at the 2H-1-benzopyran skeleton. In previous work, we prepared and described new 2H-1-benzopyrans containing a carbazole moiety, 3, 4 and here we describe their mass spectral characteristics. These 2H-chromenes are represented in Scheme 2.
To our best knowledge, there is only one reference in the literature dealing with mass spectrometric fragmentation studies of chromenes, and this study used electron impact ionization (EI) mass spectrometry; the typical EI fragmentation of these compounds was found to be the loss of one of the substituents on C-2, giving a stable benzopyrilium ion.
Scheme 2 . 2H-Chromenes derived from carbazoles studied by ES-MS and ES-MS/MS. Chromenes labelled with A have a hydrogen atom linked to the nitrogen atom, and labelled with B have a methyl group linked to the nitrogen.
EXPERIMENTAL
Spectra from positive ion mode electrospray mass spectrometry (ESI-MS) and tandem mass spectrometry (ESI-MS/MS) spectra were acquired using a Q-TOF2 instrument (Micromass, Manchester, UK), the needle voltage was set at 3000V with the ion source at 80ºC and sample cone voltage at 35V. Nitrogen was used as nebulizer gas and argon as collision gas. Tandem mass spectra (MS/MS) of [M+H] + ions were obtained by collision-induced decomposition (CID) using argon as the collision gas and with collision energies between 22-27eV. Data acquisition was accomplished using a Micromass Masslynx 4.0 data system. In addition, some experiments were performed that were intended to obtain accurate mass measurements for some key fragment ions, as well as MS/MS/MS spectra exploiting in-source CID; however, no additional useful information could be obtained by these experiments, and they are not reported here.
Samples were prepared for electrospray analysis by dissolving in 
RESULTS AND DISCUSSION
Electrospray mass spectra of all compounds show the protonated molecule
, that can, as discussed below, be present in either the open or closed form. Table 1 indicates the m/z values for the protonated molecules of the compounds studied. Although several of the studied compounds are isomeric,
we found that few differences are observed in their MS/MS spectra. In this section the fragmentation pathways of each group of isomers are presented and discussed, describing the main fragmentation pathways, and the differences among them. Table 1 presents the main fragment ions observed in the MS/MS spectra of all compounds. As examples of these MS/MS spectra, the ESI-MS/MS spectra obtained for compounds 1A ( Fig. 1(A) ), 1B ( Fig. 1(B) ), and for the corresponding bromo derivatives 6A ( Fig. 1(C) ), and 6B ( Fig. 1(D) ), are shown in Fig. 1 . All of these chromenes yield common fragment ions. The fragment ion at m/z 191 is observed in all the spectra and corresponds to the base peak for all chromenes except for 3A and 3B.
Figure 1 -ES-MS/MS spectra of [M+H] + ion of chromenes 1A(A), 1B(B), 6A(C)
and 6B(D).
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- and 5B) and the corresponding bromo derivatives (6A and 6B). These ions can 
